A bstract. Barley endosperm halves release acid phosphatase in response to several gibberellins and gibberellin precursors. Seed halves incubated with 10-7 M GA3 at 290 begin to release phosphatase after 11 hr and release it for another 26 hr in response to GA3. After 37 hr, the rate of release slows to that of seed halves incubated without GA3. GA3 is active at 10-10 M and maximally active at 10-7 M. Comparative activity of 12 gi,bberellins and gibberellin precursors is GA, = GA3 > GA2 > GA4 = GA7 > GA5 = GA13 > GA14 > GA8 = GA9 > (-) kaurenoic acid > (-) -kaurene. These compounds show the same order of activity and approximately the same relative activity in inducing reducing sugar release as in inducing phosphatase activity. The activity of each compound increases with its presumed position in a biosynthetic pathway leading from kaurene to GA3. This correlation suggests that aotivity may be a reflection of the efficiency of conversion to an aotive form within the seed half.
10-10 M and maximally active at 10-7 M. Comparative activity of 12 gi,bberellins and gibberellin precursors is GA, = GA3 > GA2 > GA4 = GA7 > GA5 = GA13 > GA14 > GA8 = GA9 > (-) kaurenoic acid > (-) -kaurene. These compounds show the same order of activity and approximately the same relative activity in inducing reducing sugar release as in inducing phosphatase activity. The activity of each compound increases with its presumed position in a biosynthetic pathway leading from kaurene to GA3. This correlation suggests that aotivity may be a reflection of the efficiency of conversion to an aotive form within the seed half.
The ease of measuring the acid phosphatase response and the sensitivity of the seed halves to low concentrations of many gibberellins and gibberellin precursors makes this a useful bioassay for gibberellin-like substances.
During germination, the barley embryo releases gibberellin-like substances which induce the aleurone to release several hydrolytic enzymes (4) . These enzymes subsequently degrade the starchy endosperm to provide carbon and energy sources for the growing embryo. Exogenous gibberellin will substitute for the embryo in causing enzyme release (12, 13, 17) and the biochemistry of the response has been studied extensively with respect to a-amylase, ribonuclease and protease (3, 7, 15) .
Acid phosphatase is also secreted in response to gibberellin, although studies of this response are relatively limited. MacLeod and coworkers (11) found that acid phosphatase is the first of 4 (13) and portions of the liquid tested for their albility to reduce 3,5-dinitrosalicylic acid (1) . Reduced dinitrosalicylic acid was measured at 540 nm and the measurements were converted to maltose equivalents.
Dwtarf Maize Leaf Sheath Elongation Assay. Homozygous dwarf-3 segregants of Zea mays L. were used as described previously (8) .
Preparation of GibbereUin Extracts. Gibberella fujikuroi (Saw.) Wr., strain Lilly M119, was grown for 2 weeks on potato dextrose broth at laboratory temperature. The mycelium was filtered from the liquid and ethyl acetate-soluble organic acids extracted from the filtrate (8) . Extracts were chromatographed on thin layers of silica gel G in benzene :n-butanol :acetic acid (85:15:5; v/v/v) (10) . Twelve zones of the adsorbent, including 10 Rp zones, plus a zone below the origin and a zone above the front, were scraped from the plate and washed 3 times with 3 ml distilled acetone. The eluates from each zone were combined and the solvent evaporated to dryness. The residue was redissolved in 5 ml hot (550) water and a portion of the solution assayed for gibberellin-like activity. (Fig. 3) (Fig. 4) . Significant activity is caused by 10-10 M GA8 (3.5 X 10-5 ,g/ml) and maximum aotivity occurs at 10-7 M GA3. Table I shows a comparison of the activity of 4 concentrations of gibberellins and gibberellin precursors in inducing phosphatase and reducing sugar activity. Incubation liquids from 10-6 and 10-7 M gibberellin were tested for a-amylase activity and it was found that only GA,, GA2, GA3, GA4 and GA7, the 5 most ac-tive compounds in the phosphatase and reducing sugar tests, caused detectible levels of amylase activity. The presence of reducing sugars in incubation liquids from most of the remaining compounds suggests that amylase had been present but was inactive at the time of the assay.
The order of activity of the 12 compounds is the same in the reducing sugar and phosphatase tests.
In the case of 10-5 M kaurene and 10-7 M GA13, phosphatase was released without concomitant reducing sugar release. This suggests that phosphatase measurement is a more sensitive test of gibberellin-like activity than the reducing sugar test.
Paleg et al. (13) reported GA1, GA3, and GA4
to be most active, GA, and GA6 to be less active and GA8 and GA9 inactive in causing reducing sugar release from barley seed halves. In their tests, seed halves were incubated 24 hr in 1 jug/ml hormone.
In measurements of oa-amylase induction, Jones and Varner (9) found that GA, and GA8 were most active, GA4 and GA7 less active and GA8 least active of the 5 
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Reducing sugar GA1 (100) = GA3 (l00) In these tests, a considerably longer period was required for the onset of a-amylase activity than reported by Varner and Ram Chandra (15) . These investigators found ca-amylase activity in the incubation liquid after 9 hr compared to 26 hr observed in this study. Apparently the time difference is due to differences in technique rather than differences in seed. Varner and Ram Chandra imbibed Himalaya variety seed halves 3 days on moist sand and then incutba,ted them in a buffered solution on a shaker. When the same technique is used with White Naked Atlas variety, cz-amylase release begins 10 to 12 hr after the start of incubation (Corcoran, M. R., unpublished).
Reducing sugar and phosphatase measurements from identical incubation liquids show that the order of activity of the 12 compounds is exactly the same in both assays; relative activities in the 2 assays are similar, but not identical. The similarity in the ability of these compounds to induce reducing sugar and phosphatase release suggests 2 possible bases for gibberellin activity. A possible explanation is that activity is determined by the structure of the molecule and the permeability of the cell to it. Activity generally increases with oxidation level and specific relationships between structure and activity are generally similar to those reported from whole seedling assays (2) . However, at least 3 effects of structural changes on biological activity in half seeds may 'be noted which differ from effects reported from seedling assays. First, hydration of the C-8 olefinic bond (Fig. 5) increases activity, since GA., is more active than GA,; GA4 is more active thanl GA, onl seedlings. Second, the olefinic bond between C-3 and C-4 does not influence activity, since GA, is equally active as GA3, and GA4 is equally active as GA7; GA3 and GA7 are generally more active than GA1 anid GA4, respectively, in seedling assays. The response of barley seed halves to low concentrations of gibberellins and gibberellin precursors shows that phosphatase release can be used for the bioassay of gibberellin-like substances. Acid phosphatase tests are at least as sensitive as those based on reducing sugar or amylase secretion (9) and the assav is convenient to perform and provides results relatively quickly. One advantage stressed for the amylase assay over the reducing sugar assay is that amylase measurement is closer to the primary site of action of gibberellins and perhaps less susceptible to nonspecific interferences (9) . Phosphatase measurement offers the same advantages over both the reducing sugar and amylase assays, since phosphatase release occurs more quickly than reducing sugar or amylase release. One possible disadvantage is the presence of endogenous phosphatase in the seed half (11) which may be released into the incubation liquid spontaneously. However, when tests are carried out as described here, endogenous phosphatase is not released to a significant extent.
